An improved method of counting acostic emissiou (AE) events from water-stressed stems of cedar (Tkutja occideatalis L.) is prented. Am The AE detection technique is used extensively in the engineering sciences to detect the onset of structural failure in metals and other solids under mechanical stress (5). However, it is uncertain what kind of structural failure is being measured in cedar sapwood. As a whole shoot dehydrates in air the tension (= -I',p) on the xylem water columns increases and the xylem cell walls also experience a compressive force because the ambient air is at a higher pressure than the fluid in the xylem conduits. The structural failure events which generate AEs could originate from the water columns breaking (= cavitations) or from breaking of cellulose fibers in the xylem cell walls. It is important to know which is the case in order to test the hypothesis that ultrasonic AEs are reliable indicators of cavitation events.
scintiflation counting of radioactive mts.
The techniue was appLiW to measurig ultrasonic AEs from the stems of cedar inside a pressure bomb. The shoots were orgily fully hydrated. When the shoots are dehydrated in the bomb by appLication of an overpressure very few AEs were detected. When the bomb pressue is reduced after dehydration of the shoot, AE events could be detected. We conclude that ultrasonic AEs are caused by cavitation events ( struturl breakdown of water columns in the tracheids of cedar) and not by the breaking of cellulose fibers in the wood.
Tyree and Dixon (2) have reported that ultrasonic AEs2 can be measured in the sapwood of eastern white cedar (Thuja occidentalis L.) The AEs are of an impulsive nature in the frequency range of 0.1 to 2 MHz and usually last less than 100 ,s. Strong circumstantial evidence was presented to indicate that the ultrasonic AEs result from cavitation events because (a) they occurred only when the ',,, was more negative than a threshold level of about -I MPa, (b) the rate of AE events increased as *P,, decreased further, and (c) the AEs can be stopped by raising *.,pabove -I MPa.
The AE detection technique is used extensively in the engineering sciences to detect the onset of structural failure in metals and other solids under mechanical stress (5) . However, it is uncertain what kind of structural failure is being measured in cedar sapwood. As a whole shoot dehydrates in air the tension (= -I',p) on the xylem water columns increases and the xylem cell walls also experience a compressive force because the ambient air is at a higher pressure than the fluid in the xylem conduits. The structural failure events which generate AEs could originate from the water columns breaking (= cavitations) or from breaking of cellulose fibers in the xylem cell walls. It the compressive force on the xylem walls and the tension in the water columns. If an excised shoot is placed inside a pressure bomb with the cut end passing through an airtight seal to the outside air (Fig. 1) , the shoot can be dehydrated by increasing the air pressure in tie bomb. During dehydration the water columns are at or above zero *Is, i.e. there is no tension, but the xylem walls are being radially compressed by the air inside the bomb in a manner causing distortion almost identical to that experienced by the intact plant at negative water potential, I. After a period of dehydration in the bomb the PB can be determined; the '.',is zero at PB. Ifthe bomb pressure is subsequently decreased to a value equal to P, then ',,,, grows negative by an amount equal to P-PB. But (Bruel and Kjaer, Naerum, Denmark) was clamped to the stem about 12 cm from the cut end. The bark was removed from half of the circumference of the stem over a length of 7 cm to provide direct contact between the transducer and the sapwood. The transducer was held in place by a springloaded clamp and the exposed surface of the wood was covered with grease to prevent surface drying. The AE signals were amplified by a model 2638 wideband conditioning amplifier (also from Bruel and Kjaer) with a high pass filter set at 100 kHz to filter out low frequency sounds. The overall amplification of the system was set at 72 to 74 decibels. The shoot and transducer were placed inside a large pressure bomb with only the cut end of the stem passing through the airtight seal ( Fig. 1) . A small hole had been drilled into the case of the AE transducer to allow pressure equilibration with air in the pressure bomb.
In some experiments pressure volume curves were measured by the Hammel method (3) except that the P was returned to zero after each stage of dehydration, i.e. after each overpressure. Ultrasonic AEs were monitored during the entire experiments.
In other experiments the shoots were dehydrated in the pressure bomb by applying compressed air at a pressure of 2.0 to 2.5 MPa for 3 to 6 h. During dehydration recordings were made of AEs. At the end of the dehydration period the PB was measured.
The *I', was decreased by known amounts in a stepwise fashion by lowering the P below PB. Ultrasonic AEs were monitored continually during the stepwise decompression. 
RESULTS
Several control experiments were done to check the performance of the AE detection equipment. When AE activity is measured with the transducer clamped to dry wood or in contact only with air, the background count rate measured over 24 h averaged 0.5 EPM or less depending on the gain setting used. In other control experiments the AE transducer was sealed inside a pressure bomb either alone or clamped to a short piece of dry wood or fresh sapwood. The P could be raised or lowered at rates of 200 kPa min-' or more without detecting AE counts above the background rate.
Five pressure-volume curves were measured while monitoring AE activity. A typical result is shown in Figure 3 . The PB and the overpressures at each stage of dehydration are shown versus time in Figure 3 ; the periods of time during which the pressures were increasing or decreasing are indicated by arrows. It can be seen that AE activity occurred only during compression phases and never while the bomb pressure was increasing. Typical pressure-volume curves were obtained in all five experiments.
Five other experiments were done in which a shoot initially near full hydration was dehydrated by a single large overpressure. The P was subsequently decreased in a stepwise fashion over the next few hours. A typical result is shown in Figure 4 . Note that very little AE activity was detected during the dehydration phase when compressive forces were increasing on the xylem cell walls.
Most AE activity occurred while the P decreased, i.e. while the tension on the water columns increased but the compressive forces on the walls remained unchanged (because the sum of xylem tension and P remains unchanged). Note also that AE activity stopped at 7.7 h when the P was increased to redetermine the PB. In all experiments we found that the PB had decreased 0.08 to 0.21 MPa during the decompression. Also, the cumulative number ofAEs measured in this series ofexperiments was always less than the number of AEs detected during a pressure-volume curve experiment (Fig. 3) . We suspect that the tracheids of cedar are more likely to cavitate once they have been exposed to compressed gases in the pressure bomb than when dehydrating in air. In this study and (2), cavitations started in shoots in the pressure bomb when the I'.r, reached about -0.6 MPa, whereas in whole shoots dehydrated in air cavitation started at -1.0 MPa (2) . Cavitations at higher 'XP inside the pressure bomb might be caused by gas bubbles coming out of solution. In a pressurized pressure bomb the concentration of the gases in the water of the shoot will increase while approaching equilibrium with the elevated gas pressure in the bomb. Upon decompression, the gases will diffuse back out or come out of solution as a bubble inside a tracheid. The formation of an air bubble inside a tracheid would cause a cavitation, i.e. the shoot gets 'the bends' in the same way as a scuba diver would if he comes to the surface (decompresses) too quickly. Carrying this analogy further, we would expect fewer pressure-bomb-induced cavitations if the shoot is decompressed slowly, thus allowing time for the dissolved gases to escape by diffusion rather than by bubble formation.
DISCUSSION
is exa y what we have found. Rapid decompression induced more cavitations than slow decompression in several unpublished experiments; this can also be seen by comparing the total number of AE events in Figure 3 where the shoot was rapidly compressed and decompressed several times and the lesser number of AE events in Figure 4 where a similar shoot was decompressed slowly from 3.2 to 6.5 h. Also (Fig. 4) it can be seen that the final rapid decompression produced a larger number ofAEs than any ofthe previous smaller decompression steps. Very few cavitations will occur if pressure-volume curves are obtained by the Hammel method (3) because the P is not allowed to fall far below the PB in this technique. Anyone wishing to avoid cavitation problems would be advised to use the Hammel method.
The most important observation in these experiments is that ultrasonic AEs from the sapwood of cedar arise only when the pressure is decreasing in the pressure bomb and not when the pressure is increasing. This strongly suggests that the ultrasonic AE are associated with true cavitation events and not just structural failure of the xylem cell walls under compressive stress. We know of no publications which provide stronger evidence that the sound emissions from water-stressed plants arise from cavitation events rather than other sources.
